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r54^ A PROCESS FOR EXTRACTING WATER SOLUBLE 
^COMPONENTS OF THE HYPHAE OF EDIBLE FUNGI 




(71) I, CHIYOKICHI IIZUKA, of 
Japanese nationality, of 121 Shimizu, N^ 
Shi, Chiba-kcn, Japan, and CHOHACHl 
FUMOTO, of Japanese nationality, or 7 — 40, 
5 2-choine, Kawarasone, Koschigaya-s^, 
Saitama-ken, Japan, do hereby declare the 
invention, for which we pray that a patent 
may be granted to us, and the method by 
wliich it is to be performed, to be partioilarly 
10 described m and by the following state- 
ment:— , 

The present invention relates to the extrac- 
tion of water soluble component of the 
hyphae of edible fungi. More specifically, the 
15 invention is directed to a new and advanota 
process for the extraction of water soluble 
components having therapeutic effects of the 
hyphae of edible fungi that mdude, perhaps 
most importantly, "Shiitake" which is a 
20 popular Japanese term for Lenttnus edodes 
of the class Basidiomycetes prevaibng m East 
/^sia 

Whilst so-called "mushrooms*' have been 
prized simply as food delicacies in most 
25 Western cultures, it has long been lecogmzea 
in the countries of the Orient Aat some 
species of edible fungi contain substances 
having a curative efEect on a widevariety of 
diseases and disorders of mankmd. The ancient 
30 Chinese, in particular, were perhaps most 
aware of this fact, as evidenced by many 
writings they left which attest to Ae 
therapeutic value of Shiitake and other edible 
fungi. . , 

35 For all their acknowledged virtues, how- 
ever, the desired useful substances hereinafter 
to be descnljed m detail have hitherto been 
extracted only by an age-old process of 
decoction, wherein the fruiting bodies of a 
40 desired ediT>le fungus are boiled for a pre- 
scribed length of time. The hquid extract 
thus obtained is not as efEective as it should 
be. Moreover, the fruiting bodies of the edible 
fungi are not available in large quantities, or 
45 only at high cost so that extraction of the 
useful ingredients thereof is not curraitly 
practised at any industrial level. 

71 



Accordingly, the present invention provides 
a process for extracting water soluble com- 
ponents of the hyphae of an edible fungus 
which comprises cultivating the hyphae of the 
edible fungus in a prepared culmrc medium 
comprising one or more solid nutrients for 
the edible fungus, reducing the hyphae and 
the culmre medium to fine particles approxi- 
mately at the time when the said hyphae 
begin fruiting, forming an aqueous suspension 
of said fine particles, and filtering the sus- 
pension to remove undesirable matter there- 
from and to provide an aqueous solution of 
an extract of the edible fungus. 

The hyphae culture may be subjected to 
a rapid reduction in temperature and/or a 
change in humidity such as to accelerate the 
growth of the hyphae. . 

The culture may be rapidly reduced in 
temperature from room temperamre to a 
temperature of from 4'*C to 8°C. After being 
maintained at said reduced temperature for 
a period of time, the culture may be immersed 
in water having a temperamre of substantially 

Whilst die process of the present invention 
is applicable to a variety of edible fungi, the 
aforementioned Shiitake is perhaps most 
appropriate in view of the ingredients of the 
extract obtained therefrom, as hereinafter 
described in detail. As an added advantage 
Shiitake can be artificially cultivated with 
comparative ease. 

It is known that the cell membranes of the 
hyphae Shiitake and some other edible fungi 
are composed primarily of ||& - 1 - 3 glucane 
and chitin, and that the cell membranes are 
dissolved by ^ 1 * 3 glucanase and citanase 
which are enzymes produced in the hyphal 
cells through the metabolic processes thereof. 
Funher experiments made by the present 
applicants have proved that the concentra- 
tion of therapeutically effective substances, 
including the aforesaid enzjrmes, in the 
hyphal cells of the edible fungi is most pro- 
nounced at the stage of transformation into 
fmiting bodies from their secondary hyphae. 
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Although the esact reasons for this arc as yet 
unascertained, it is inferred from the available 
evidence that this may be because the hyphal 
cells arc most mctabolically active when at 
5 said stage. 

Hence the present invention proposes to 
exuact the useful substances from the hyphae 
of edible fungi and not from their fruiting 
bodies. This is dually advantageous because 
10 the extracts obtained from the former are 
more therapeutically effective than ^ those 
from the latter and because the former is con- 
siderably less costly than the latter. 
The desired hyphae for the process of this 
15 invention may be cultured in any suitable 
culture media such as a medium comprising 
lo<'s, agglomerated sawdust or bagasse. 
Although the hyphae can be cultivated in a 
liquid medium, it has been expenmentally 
20 confirmed that hyphae grown in a solid media 
are more suitable for processing into extracts 
having desired effects. The various culture 
media employed in the practice of the process 
of the invention may be prepared sub^anualiy 
25 just as they have been in the past. However, 
in case of sawdust culture, the ratio by weight 
of sawdust content to that of rice bran is 
preferably substantially 9 to 1 for the best 
results, as compared to the 7:3 ratio used 
30 in the prior sawdust culture. , ^ . . 
Although a culmrc medium inoculated with 
a seed culture of a desired edible fungus may 
be kept in usual conditions, experiments have 
proved that the hyphae grown therefrom 
35 should be subjected to rapid change m tem- 
perature and/or humidity at a suitable 
moment so as to stimulatse and accerelate the 
grov/th or metabolic processes thereof. Pre- 
ferable environmental changes to be given 
40 to the hyphae are detailed later in deaaip- 
tions of some Examples of the process of this 
invention. 

Inasmuch as the hyphae just going to form 
fruiting bodies contain the maximal con- 

45 centration of useful substances as previously 
mentioned, it is essential, or at least highly 
desirable, that they should be processed at 
that time. This time is ascertainable by some 
obvious signs. First, a culture medium con- 

50 taining sufficiently grown hyphae will ttirn 
white at the boundaries immediately before 
formation of fruiting bodies. Second, as far 
as Shiitake and some allied species arc con- 
cerned, a sort of swelling phenomenon will 

55 be noted on their hyphal mats when the 
hyphae have sufficiently grown in their cul- 
ture media. 

The appropriately grown hyphae ot a 
selected edible fungus together with culture 

60 medium may be pulverized into as fine pe- 
tioles as feasible by smtable means. The 
pulverized materials may then be mtroduced 
into distiUed and sterilized water having a 
pH of about 5.0. The suspension thus pre- 

65 pared may be chafed into a sealed vessel. 



heated to a temperature at which the pro- 
duction of enzymes in the hyphae is 
accelerated, and filtered to provide a desired 
extract. For the best results the suspension 
should be heated in two successive steps, first 70 
to a temperature of from 30*C to 35 ''C for 
substantially one hour and then at a tempera- 
ture of from 45^*0 to 55 °C for one to two 
hours. The first heat treatment is to accelerate 
the production of fi 1 - 3 glucanase, chiunase 75 
and other enzymes of the hyphae, whereas 
the second heat treatment is to stimulate the 
aaivities of those enzymes. 

The aqueous extract thus obtained may be 
admixed with a suitable amount of ammonium 80 
sulphate so as to precipitate the useful sub- 
stances contained in the extract, the pre- 
cipitate collected, the collected precipitate 
dissolved in distilled and sterilized water, 
and the resulting solution dialyzcd by means 85 
of a semipermeable membrane to remove any 
remaining ammonium sulphate. The semi- 
permeable membrane should be such that it 
permits the passage of particles having a 
molecular weight of not more than substan- 90 
tially 1*000. Further, the amount of 
ammonium sulphate added to the filtrate has 
to be rather carefully controlled. It has been 
experimentally proved that the best results 
are obtained when about 584 grams of 95 
ammonium sulphate is mixed with about 
1,000 milli-litres of the filtrate. 

An analvsis of the extract obtained from 
Shiitake hyphae by the above described 
process of the invention has revealed the 100 
following mgredients: 40 enzymes uicluding 
^ - 1 - 3 glucanase and chitinasc, 18 amino 
acids, vitamins Bs and B,2, ergosterin, poly- 
saccharides and polypeptides. It is quite 
likely, however, that the extracts include other 10^ 
useful substances yet unknown. 

Described hercinbelow are only some of 
the results of the use of an extract prepared 
from Shiitake hyphae in accordance with the 
teachings of the present invemion: 

1. A 42-year-old female, who had been 
suffermg for years from high blood pressure 
of maximum 2 10 mmHg and minimimi 
160 mmHg, took 100 ml of the extract three 
times a day before meals. In four days the 115 
blood pressure was lowered to maximimi 
160 mmHg and minimum 100 mmHg and 
thereafter has stabilized in that range. 

2. A 40-year-old male, whose tonsils looked 
white due to tonsiliiis, took 200 ml of the 120 
extract and completely recovered 24 hours 
later. 

3. A 36-year-old male, who had a fever of 
about 39°C with a cold, took 200 ml of the 
extract three times a day before meals. In 125 
24 hours the fever subsided. 

4. A 41-year-old male, seriously affected by 
vesicular eczema, had 50 ml of the extraa . 
applied to the affected parts four times a day. 
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In two days the eczema disappeared and has 
not recuncd. 

5 A 42-year-old male, with a serious case 
of stomach cancer, took 50 ml of the extract 
5 three times a day for a period of 30 days, 
at the end of which signs of improvement 
were noted (no well-founded explanation for 
this is yet available). 

6. After being heated at a temperature 
10 ranging from 30°C to 35^C and then dried 
to a 20% by weiglit moisture content, a 
small amount of culture containing suitably 
grown Shiitake hyphae was added to a feed- 
ituff. The cell walls of Eumycetes that had 
15 been grown in the feedstuff were dissolved 
by the activates of jS - 1 - 3 glucanase and 
chitinasc introduced by the added culture, 
thereby resulting in the protection of tiie 
animals against possible infectious diseases. 
20 It also appears that the aforesaid enzymes, 
widi their activities accelerated by the 
Intesdnal heat of the animals, dissolved the 
ceU bodies of the Eumycetes into ammo acids 
that play an important role in the metabolism 
25 and growth of the animal tissues. 

7 feperiments have proved that the 
activities of j& - 1 - 3 glucanase and chitmasc 
in the culture containing suitably grown 
Shiitake hyphae, which has been treated sub- 
30 stantiaUy as aforesaid, destroy various un- 
desirable fungi growing in sod when the cul- 
ture is mixed therewidi. The enzymes are 
also known to sthnulate the growth of use- 
ful bacteria and microorgamsms contamed in 

35 ■ ggjj^ invention is hereuiafter des- 

cribed more specificaUy according to some 
Examples thereof, which are meant only to 
illustrate and not to impose limitations on the 

40 invention. 

EXAMPLE I 
One kilogram of a culture medium con- 
taining bagasse and distilled water with a pH 
of about 5.0 in such a ratio by weight that 
45 its moisture content ranges from 60% by 
weight was placed in a suitable vessel and 
was autoclaved at UVC for 20 minutes for 
steriHzation purposes. The sterilized nutrient 
medium was inoculated with a seed culture 

50 of Shiitake and was then allowed to stand 
for 60 days in an air-conditioned chamber 
having a substantially constant temperature 
of about 25"C. For the desired temperature 
change the culmre was then moved into a 

55 chamber ranging from 4^*0 to 8*^0 m tem- 
perature. After being allowed to stand for 
72 hours in the low temperature chamber, the 
culture together with its vessel was imnj^rs/^ 
in water at a temperature of about 5^C for 

60 24 hours. As the aforementioned swelling 
phenomenon was observed on the Shiitake 
hyphae now covering the entire surface of the 
medium, the hyphae together with part of the 
medium was pulverized into fine particles. 



Three hundred grams of the particles thus 65 
formed was added to about 1,000 milh- 
litres of distilled and sterilized water having 
a pH of about 5.0. The suspension thus 
obtained was first heated at about 30°C for 
1 hour and then at about SQ'C for 2 hours 70 
in a sealed vessel. Thereafter the suspension 
was cloth-filtered under pressure and then 
dialized by means of a membrane filter with 
a pore size of about 0.45a to obtain about 
600 millilitrcs of an aqueous extract contam- 75 
ing the useful substances. 

EXAMPLE II ^ . 
The process of Example I was faithfully 
repeated only with the described culture 
medium replaced with one containing the 80 
sawdust of a broad-leaved tree and rice bran 
in the ratio of about 9 to 1 by weight and 
having its moisture content regulated to from 
60 to 65% by weight by die addition of dis- 
tilled water with a pH of about 5.0. About 85 
620 millilitres of an aqueous extract was 
similarly obtained. 

EXAMPLE III , ^ 

A seed culture of Shiitake was inoailattd 
on a log of Japanse oak (Querctis giandu- W 
Hfera) and cultivated in the ordinary way. 
Approximately at the moment when the pro- 
pagated hyphae started fruiting, they were 
pulverized together with the log. One kilo- 
gram of the particles thus formed was added 95 
with 1,000 millilitres of distilled and 
sterilized water having a pH of about 5.0. 
Thereafter the suspension was processed sub- 
stantially as described in Example I to pro- 
vide about 700 miUilitres of an aqueous 100 
extract. 



EXAMPLE IV 
One thousand millilitres of an aqueous 
extract of Shiitake obtained according to any 
one of the foreging Examples I to III was 105 
admuced with about 584 grams of ammoniuni 
sulphate. The solution was allowed to stand 
for 24 hours at room temperature thereby to 
cause precipitation of the useful substances 
that were contained in the aqueous extract. 110 
The precipitate, collected by filtration, was 
then thrice rinsed with a near samratcd solu- 
tion of ammonium sulphate, with intervenmg 
steps of filtration. Ten grams of the pre- 
cipitate (in the wet state) so treated was 115 
charged into about 100 millilitres of dis- 
tilled and sterilized water having a pH of 
about 5.0. The solution was dialysed by means 
of a semipermeable membrane to obtain about 
35 millilitres of ammonium-sulphate-free 120 
solution that contained the useful substaiices. 
This sample, after being suitably admixed 
with distilled and sterilized water and again 
dialysed for complete sterilization, was 
administered to the several patients described 125 
earlier in this specification. 
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WHAT WE CLAIM IS: — 
1. A process for extracting water soluble 
components of the hyphae of an edible fungus 
which comprises cultivating the hyphae of the 

5 edible fungus in a prepared culture medium 
comprising one or more solid nutrients for 
the edible fungus, reducing the h5^hae and 
the culture medium to fine particles approxi- 
mately at the time when the said hyphae 

10 begin fruiting, forming an aqueous suspension 
of said fine particles, and filtering the sus- 
pension to remove tmdesirable matter there- 
from and to provide an aqueous solution of 
an extract of die edible fungus. 

15 2. A process according to claim 1, in which 
the hyphae culture is subjected to a rapid 
reduction in temperatore and/or a change in 
humidity such as to accelerate the growth of 
the hyphae. 

20 3. A process according to claim 2, in which 
the said culture is rapidly reduced in tem- 
perature to a temperature of from 4*C to 
8°C. 

4. A process according to claim 3, wherein, 
25 after being maintained at said reduced tem- 
perature for a period of time, the culture is 
immersed in water having a temperature of 
substantially S^'C. 

5. A process according to any preceding 
30 claim, in which the said suspension is heated 

in a sealed vessel, before being filtered, to 
a temperature at which the production of 
enzymes in the hyphae is accelerated. 

6. A process according to claim 5, in which 
35 the said suspension is heated first to a tem- 
perature of from 30**C to 35°C for sub- 
stantially one hour and then to a temperature 
of from 45 °C to 55 °C for one to two hours. 



7. A process according to any preceding 
claim, and further comprising the steps of 40 
admixing the obtained aqueous extract with 
ammonium sulphate so as to precipitate the 
useful substances contained in the extract, 
collecting the precipitate, dissolving the pre- 
cipitate in water, and dialyzing the resulting 45 
solution to remove any remaining ammonium 
sulphate. 

8. A process as claimed in any one of the 
preceding daims, in which the said culture 
medium comprises bagasse, sawdust or log. 50 

9. A process accordSig to claim 8, in which 
die culture medium comprises sawdust and 
rice bran, the ratio by weight of sawdust con- 
tent to that of rice bran in the prepared cul- 
tiure mediimx being substantially 9 to 1. 55 

10. A process according to any one of the 
preceding daims^ in which the said edible 
fungus is Shiitake. 

11. A process for extracting water soluble 
components of the hj'phae of an edible fungus 60 
according to claim 1 and substantially as 
herein disclosed. 

12. A process for extracting water soluble 
components of the hyphae of an edible fungus, 
substantially according to any of the spedfic 65 
Examples herein. 

13. Water soluble components of the hyphae 
of an edible fungus when extracted by the 
process according to any one of the preceding 
claims. 70 

ERIC POTTER & CLARKSON, 
Chartered Patent Agents, 
Kingsway House, 
Eongsway, 
London, WC2B 6QX. 
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